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SUCCESSIVE APPROXIMATION ANALOG TO
DIGITAL CONVERTER AND METHOD OF
ANALOG TO DIGITAL CONVERSION

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a continuation application of co-pend-
ing U.S. application Ser. No. 13/163,872 filed Jun. 20, 2011,
which claims priority under 35 U.S.C. §119 to Korean Patent
Application No. 10-2010-0067034 filed on Jul. 12, 2010, the
disclosures of which are each incorporated by reference
herein in their entireties.

BACKGROUND

1. Technical Field

Embodiments of the inventive concept relate to an analog
to digital converter, and more particularly, to an analog to
digital converter performing analog to digital conversion
using successive approximation and a method of analog to
digital conversion.

2. Discussion of Related Art

An analog to digital converter (abbreviated ADC, A/Dor A
to D) is an electronic device that converts a continuous quan-
tity to a discrete time digital representation. Analog to digital
converters may convert input analog voltages or currents to
digital codes or numbers. The numbers may be proportional
to the magnitude of the voltage levels of the input analog
signals. The resolution of the converter indicates the number
of discrete values it can produce over the range of analog
values. When the values are stored electronically in a binary
form, the resolution is expressed in bits. Accordingly, the
number of discrete values available, or “levels”, is usually a
power of two. For example, an ADC with a resolution of 8 bits
can encode an analog input to one of 256 different levels,
since 28=256.

A successive approximation ADC is a type of analog to
digital converter that converts a continuous analog waveform
into a discrete digital representation via a binary search
through all possible quantization levels before finally con-
verging upon a digital output for each conversion.

SUMMARY

At least one embodiment of the inventive concept may
provide an analog to digital converter that performs analog to
digital conversion using successive-approximation with a
high data processing speed. At least one embodiment of the
inventive concept may provide a semiconductor device
including the analog to digital converter. At least one embodi-
ment of the inventive concept may provide a method of per-
forming analog to digital conversion on an analog signal
using successive-approximation with a high data processing
speed.

According to an exemplary embodiment of the inventive
concept, an analog to digital converter includes a digital to
analog converting circuit, a comparator, and a signal process-
ing circuit. The digital to analog converting circuit samples
and holds an analog input signal, and converts digital output
data to an analog signal to generate a hold voltage signal
(VHOLD). The comparator compares the hold voltage signal
with a reference voltage signal in response to a rising edge
and a falling edge of a clock signal to generate a comparison
output voltage signal. The signal processing circuit performs
successive approximation based on the comparison output
voltage signal to generate the digital output data.
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2

In an alternate embodiment, the comparator compares two
hold voltage signals instead of the hold voltage signal and the
reference voltage signal in response to a rising edge and a
falling edge of a clock signal to generate the comparison
output voltage signal.

In at least one embodiment of the inventive concept, the
comparator is made up of a first comparator and a second
comparator. The first comparator may compare the hold volt-
age signal with the reference voltage signal in response to a
first clock signal to generate a first comparison output voltage
signal. The second comparator may compare the hold voltage
signal with the reference voltage signal in response to a sec-
ond clock signal having a phase opposite to a phase of the first
clock signal to generate a second comparison output voltage
signal.

In at least one embodiment of the inventive concept, the
comparison output voltage signal may be a signal in which the
first comparison output voltage signal and the second com-
parison output voltage signal are added alternately.

In at least one embodiment of the inventive concept, the
signal processing circuit may include a demultiplexer and a
plurality of SR latches. The demultiplexer may perform
demultiplexing on the comparison output voltage signal in
response to a selecting signal. The plurality of SR latches may
latch and output one of a plurality of output signals of the
demultiplexer in response to each bit of a conversion control
signal.

In at least one embodiment of the inventive concept, the
analog to digital converter may further include an output
register that stores the digital output data, and outputs the
digital output data when the signal processing circuit deter-
mines that the data should be output.

In at least one embodiment of the inventive concept, the
analog to digital converter may further include a timing cir-
cuit that generates a conversion control signal based on the
clock signal and a conversion start signal, and provides the
conversion control signal to the signal processing circuit.

In at least one embodiment of the inventive concept, the
digital to analog converting circuit may be a binary-weighted-
capacitor-type digital to analog converting circuit.

In at least one embodiment of the inventive concept, the
analog to digital converter may be a synchronous analog to
digital converter. In at least one embodiment of the inventive
concept, the analog to digital converter may be an asynchro-
nous analog to digital converter.

According to an exemplary embodiment of the inventive
concept, an analog to digital converter includes a digital to
analog converting circuit, a preamplifier, a comparator and a
signal processing circuit. The digital to analog converting
circuit samples and holds an analog input signal, and converts
digital output data to an analog signal to generate a hold
voltage signal (VHOLD). The preamplifier amplifies a differ-
ence between the hold voltage signal and a reference voltage
signal. The comparator compares differential output voltage
signals of the preamplifier with each other in response to a
rising edge and a falling edge of a clock signal to generate a
comparison output voltage signal. The signal processing cir-
cuit performs successive approximation based on the com-
parison output voltage signal to generate the digital output
data.

In at least one embodiment of the inventive concept, the
comparator may include a first comparator and a second
comparator. The first comparator may compare the differen-
tial output voltage signals of the preamplifier with each other
in response to a first clock signal to generate a first compari-
son output voltage signal. The second comparator may com-
pare the differential output voltage signals of the preamplifier



US 9,094,030 B2

3

with each other in response to a second clock signal having a
phase opposite to a phase of the first clock signal to generate
a second comparison output voltage signal.

In at least one embodiment of the inventive concept, the
preamplifier may include a first preamplifier and a second
preamplifier. The first preamplifier and the second preampli-
fier may amplify a difference between the hold voltage signal
and a reference voltage signal.

The first comparator may compare the differential output
voltage signals of the first preamplifier with each other in
response to a first clock signal to generate a first comparison
output voltage signal. The second comparator may compare
the differential output voltage signals of the second pream-
plifier with each other in response to a second clock signal
having a phase opposite to a phase of the first clock signal to
generate a second comparison output voltage signal.

In at least one embodiment of the inventive concept, the
preamplifier may decrease an offset voltage of the compara-
tor. In at least one embodiment of the inventive concept, the
preamplifier may reduce noise of an output terminal of the
digital to analog converting circuit.

According to an exemplary embodiment of the inventive
concept, an analog to digital converter includes a digital to
analog converting circuit configured to generate a hold volt-
age signal based on art analog input signal and digital output
data, a first comparator configured to compare the hold volt-
age signal with a reference voltage signal in response to a first
clock signal to generate a first comparison output voltage
signal, a second comparator configured to compare the hold
voltage signal with the reference voltage in response to a
second clock opposite in phase to the first clock signal to
generate a second comparison signal, and a signal processing
circuit configured to perform successive approximation
based on a comparison output voltage signal output by the
comparator to generate the digital output data. The compari-
son output voltage signal is based on both the first and second
comparison output voltage signals.

In at least one embodiment of the inventive concept, the
first comparison output signal may be enabled in response to
afalling edge of'the first clock signal and disabled in response
to a rising edge of the first clock signal, and the second
comparison output signal may be enabled in response to a
falling edge of the second clock signal and disabled in
response to a rising edge of the second clock signal. The
comparison output voltage signal may sequentially include a
part of the first comparison output voltage and a part of the
second comparison output voltage, where the part of the first
comparison output voltage is from a first time after a rising
edge of a pulse of the first clock signal to a second time before
arising edge of a sequential subsequent pulse of the first clock
signal, and where the part of the second comparison output
voltage is from the second time to a third time after the rising
edge of the subsequent pulse.

In at least one embodiment of the inventive concept, the
signal processing circuit may include a demultiplexer config-
ured to perform demultiplexing on the comparison output
voltage signal in response to a selecting signal to generate a
plurality of demultiplexed signals, and a plurality of SR
latches configured to latch a corresponding one of the demul-
tiplexed signals in response to a conversion control signal,
where each SR latch receives a corresponding one bit of the
conversion control signal. A first bit of the conversion control
signal may be enabled while a first pulse of the first clock
signal is enabled, and a second bit of the conversion control
signal sequentially subsequent to the first bit may be enabled
while a second pulse of the first clock signal sequentially
subsequent to the first pulse is disabled.
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BRIEF DESCRIPTION OF THE DRAWINGS

Exemplary embodiments of the inventive concept are
described in further detail below with reference to the accom-
panying drawings in which like reference characters may
refer to the same parts throughout the different views. The
drawings are not necessarily to scale. In the drawings:

FIG. 1 is a block diagram illustrating an analog to digital
converter in accordance with an exemplary embodiment of
the inventive concept;

FIG. 2 is a circuit diagram illustrating an example of a
digital to analog converting circuit included in the analog to
digital converter of FIG. 1;

FIG. 3 is a circuit diagram illustrating an example of a
digital to analog converting circuit included in the analog to
digital converter of FIG. 1;

FIG. 4 is a circuit diagram illustrating a comparator
included in the analog to digital converter of FIG. 1 in accor-
dance with an exemplary embodiment of the inventive con-
cept;

FIG. 5 is a timing diagram illustrating an exemplary opera-
tion of the comparator of FIG. 4;

FIG. 6 is a circuit diagram illustrating an example of a
signal processing circuit included in the analog to digital
converter of FIG. 1;

FIG. 7 is a block diagram illustrating an analog to digital
converter in accordance with an exemplary embodiment of
the inventive concept;

FIG. 8 is a circuit diagram illustrating an example of a
preamplifier and a comparator included in the analog to digi-
tal converter of FIG. 7;

FIG. 9 is a circuit diagram illustrating an example of a
preamplifier and a comparator included in the analog to digi-
tal converter of FIG. 7;

FIG. 10 is a timing diagram illustrating an exemplary
operation of the analog to digital converter of FIG. 7;

FIG. 11 is a block diagram illustrating a semiconductor
device including an analog to digital converter shown in FIG.
1 or FIG. 7 in accordance with exemplary embodiments of the
inventive concept; and

FIG. 12 is a flowchart illustrating a method of analog to
digital conversion in accordance with an exemplary embodi-
ment of the inventive concept.

DETAILED DESCRIPTION

The present invention concept will now be described more
fully with reference to the accompanying drawings in which
some exemplary embodiments are shown. The inventive con-
cept may, however, be embodied in different forms and
should not be construed as limited to the exemplary embodi-
ments set forth herein. In the drawings, the sizes and relative
sizes of layers and regions may be exaggerated for clarity.

It will be understood that when an element or layer is
referred to as being “on,” “connected to” or “coupled with”
another element or layer, it can be directly on, connected or
coupled to the other element or layer or intervening elements
or layers may be present. Like numerals refer to like elements
throughout.

FIG. 1 is a block diagram illustrating an analog to digital
converter 100 in accordance with an exemplary embodiment
of the inventive concept. Referring to FIG. 1, the analog to
digital converter 100 includes a digital to analog converting
circuit 110, a comparator 130 and a signal processing circuit
150.

The digital to analog converting circuit 110 samples and
holds an analog input signal VIN, and converts digital output
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data SAR<0:9>to an analog signal to generate a hold voltage
signal VHOLD. The comparator 130 may compare the hold
voltage signal VHOLD with a reference voltage signal VREF
in response to a rising edge and falling edge of a clock signal
CLK to generate a comparison output voltage signal
COMPO. Alternately, the comparator 130 may compare two
hold voltage signals with each other in response to the rising
edge and the falling edge of the clock signal CLK to generate
the comparison output voltage signal COMPO. The signal
processing circuit 150 performs successive approximation
based on the comparison output voltage signal COMPO to
generate the digital output data SAR<0:9>.

The analog to digital converter 100 may include a timing
circuit 160 and an output register 170. The timing circuit 160
generates a conversion control signal CON<0:9>based on the
clock signal CLK and a conversion start signal ST, and pro-
vides the conversion control signal CON<0:9> to the signal
processing circuit 150. The output register 170 stores the
digital output data SAR<0:9>, and outputs the digital output
data SAR<0:9> as output data when data is determined by the
signal processing circuit 150.

In FIG. 1, the analog to digital converter 100 generating 10
bits of digital output data SAR<0:9> and 10 bits of a conver-
sion control signal CON<0:9> is used as an example. For
example, embodiments of the inventive concept are not lim-
ited to data of any particularly size.

The analog to digital converter 100 of FIG. 1 uses a suc-
cessive-approximation technique for conversion. The prin-
ciple of the successive-approximation technique is as fol-
lows.

Each bit of a digital code representing a sampled value of
an analog signal is determined through a single iteration
starting from a most significant bit (MSB). The MSB is set to
a specific logic value, for example 0, and the next bit is set to
the other logic value, for example 1. The resulting number is
converted to an intermediate analog signal. When the
sampled value of an analog signal has a voltage level lower
than the intermediate analog value, the MSB of the digital
code is determined to be “0”. On the contrary, when the
sampled value of an analog signal has a voltage level higher
than the intermediate analog value, the MSB of the digital
code is determined to be “1”. The next significant bit may be
set to “1”, and the next bit may be set to “0”. The number
determined in this way is used as a new intermediate analog
signal. The new intermediate analog signal is compared with
a sampled value of an analog signal to determine a next
significant bit of a digital code corresponding to the new
intermediate analog signal. This approximation operation is
continued until all bits of the digital code are determined.

FIG. 2 is a circuit diagram illustrating an example of a
digital to analog converting circuit 110 included in the analog
to digital converter 100 of FIG. 1. The digital to analog
converting circuit 110 shown in FIG. 2 is a binary-weighted-
capacitor-type digital to analog converting circuit.

Referring to FIG. 2, the digital to analog converting circuit
110 may include capacitors CD, CO~C(N-1), and switches
serially connected to the capacitors CD, CO~C(N-1). Each of
the switches connects the capacitors C0~C(N-1) to one of an
analog input signal VIN, a first reference voltage VRH and a
second reference voltage VRL in response to each bit of the
digital output data SAR<0:9>. The first reference voltage
VRH may be a power supply voltage (VDD), and the second
reference voltage VRL may be ground. When the analog input
signal VIN is input, a switch control signal SW1 is enabled
and the capacitor CD is connected to a third reference voltage
VCM. The third reference voltage VCM may be half of the
power supply voltage. As shown in FIG. 2, the capacitances of
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each of the capacitors C0~C(N-1) may be double that of a
prior capacitor. The voltage level of the hold voltage signal
VHOLD is proportional to a value of the digital output data
SAR<0:9>. The digital to analog converting circuit 110 may
convert a digital signal to an analog signal.

FIG. 3 is a circuit diagram illustrating an example of a
digital to analog converting circuit 110 included in the analog
to digital converter 100 of FIG. 1. The digital to analog
converting circuit 110a shown in FIG. 3 includes a first digital
to analog converting circuit 114 and a second digital to analog
converting circuit 116, which are each similar to the digital to
analog converting circuit 110 shown in FIG. 2. The convert-
ing circuits 114 and 116 generate differential signals VHP and
VHM, respectively. When the digital to analog converting
circuit 1104 shown in FIG. 3 is employed, the comparator 130
included in the analog to digital converter 100 may amplify
the differential signals VHP and VHM. The analog to digital
converter 100 may have a high resolution when the digital to
analog converting circuit 110a of FIG. 3 is employed in the
analog to digital converter 100.

In FIGS. 2 and 3, a binary-weighted-capacitor-type digital
to analog converting circuit is shown, but the analog to digital
converter 100 may include a ladder-capacitor-type digital to
analog converting circuit or a split-capacitor-type digital to
analog converting circuit.

FIG. 4 is a circuit diagram illustrating a comparator 130
included in the analog to digital converter 100 of FIG. 1 in
accordance with an exemplary embodiment of the inventive
concept. FIG. 5 is a timing diagram illustrating an exemplary
operation of the comparator of FIG. 4.

Referring to FIG. 4, the comparator 130 may include a first
comparator 131 and a second comparator 133. The first com-
parator 131 compares the hold voltage signal VHOLD with
the reference voltage signal VREF in response to a first clock
signal CLK to generate a first comparison output voltage
signal COMPO_R. The second comparator 133 compares the
hold voltage signal VHOLD with the reference voltage signal
VREF in response to a second clock signal CLKB having a
phase opposite to a phase of the first clock signal CLK to
generate a second comparison output voltage signal COM-
PO_F.

Referring to FIG. 5, the first comparison output voltage
signal COMPO_R is enabled at a rising edge of the first clock
signal CLK, and the second comparison output voltage signal
COMPO_F is enabled at a rising edge of the second clock
signal CLKB. Therefore, the comparator 130 operates at the
rising edge and falling edge of the first clock signal CLK, and
generates the comparison output voltage signals COMPO_R
and COMPO_F.

The comparison output voltage signal COMPO in FIG. 1 is
a signal that a pulse train COUT1, COUT3, COUTS and
COUT7 of the first comparison output voltage signal COM-
PO_R and a pulse train COUT2, COUT4, COUT6 and
COUTS8 of the second comparison output voltage signal
COMPO_F are added alternately. For example, the compari-
son output voltage signal COMPO may consecutively include
a part of the first comparison signal COMPO_R between
times COUT1 and COUT2, a part of the second comparison
signal COMPO_F between times COUT2 and COUT3, a part
of the first comparison signal COMPO_R between times
COUT3 and COUT4, etc.

FIG. 6 is a circuit diagram illustrating an example of a
signal processing circuit 150 included in the analog to digital
converter 100 of FIG. 1. Referring to FIG. 6, the signal pro-
cessing circuit 150 may include a demultiplexer 151 and SR
latches 152, 153 and 154.
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The demultiplexer 151 performs demultiplexing on the
comparison output voltage signal COMPO in response to a
selecting signal SEL. The SR latches 152, 153 and 154 latch
and output one of output signals MSB, MSB-1, ..., LSB of
the demultiplexer 151 in response to each bit of a conversion
control signal CON<0:9>.

In an analog to digital converter including two comparators
131 and 133 as shown in FIG. 4, two of the signal processing
circuit 150 of FIG. 6 may be needed. For example, when two
signal processing circuits 150 are used, the outputs of two
demultiplexers are alternately output.

When the signal processing circuit 150 of FIG. 6 including
the demultiplexer 151 and the SR latches 152, 153 and 154 is
employed to generate the digital output data SAR<0:9>, the
complexity of a clock timing and a circuit structure may be
reduced as compared to when conventional D-type flip-flops
are employed.

Outputs of the SR latches 152, 153 and 154 are reset to 000
... 0 during an input sampling period and have states capable
of sampling. The outputs of the SR latches 152, 153 and 154
are initialized and set to 1000 . . . 0 just before the comparator
130 operates, and this value is transmitted to the digital to
analog converting circuit 110. The comparator 130 deter-
mines whether a difference between an input signal and a
reference voltage is positive or negative. When a comparing
operation is started and the comparator 130 compares a signal
corresponding to the MSB, the demultiplexer 151 connects an
output of the comparator 130 to an SR latch corresponding to
the MSB, and stores the compared result to the SR latch. At
the same time, an SR latch corresponding to a second signifi-
cant bit is initialized to ““1” for a next operation, and a value of
the SR latchis setto D100. .. 0. Here, D denotes a determined
result of the MSB. This operation is continued and a last
significant bit (LSB) is output. In the analog to digital con-
verter including two comparators, outputs of the two com-
parators are applied to each of the demultiplexers, and outputs
of each of the comparators may be output in alternate order.

FIG. 7 is a block diagram illustrating an analog to digital
converter 200 in accordance with an embodiment of the
inventive concept. Referring to FIG. 7, the analog to digital
converter 200 includes a digital to analog converting circuit
210, a preamplifier 220, a comparator 230 and a signal pro-
cessing circuit 250.

The digital to analog converting circuit 210 samples and
holds an analog input signal VIN, and converts digital output
data SAR<0:9>to an analog signal to generate a hold voltage
signal VHOLD. The preamplifier 220 amplifies a difference
between the hold voltage signal VHOLD and a reference
voltage signal VREF. The comparator 230 compares differ-
ential output voltage signals of the preamplifier 220 with each
other in response to a rising edge and a falling edge of a clock
signal CLK to generate a comparison output voltage signal
COMPO. The signal processing circuit 250 performs succes-
sive approximation based on the comparison output voltage
signal COMPO to generate the digital output data SAR<0:9>.

Further, the analog to digital converter 200 may include a
timing circuit 260 and an output register 270. The timing
circuit 260 generates a conversion control signal CON<0:9>
based on the clock signal CLK and a conversion start signal
ST, and provides the conversion control signal CON<0:9> to
the signal processing circuit 250. The output register 270
stores the digital output data SAR<0:9>, and outputs the
digital output data SAR<0:9> as output data when data is
determined by the signal processing circuit 250.

FIGS. 8 and 9 are circuit diagrams illustrating examples of
a preamplifier 220/220A and a comparator 230 included in
the analog to digital converter of FIG. 7. Referring to FIG. 8,
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the preamplifier 220 includes one amplifier that amplifies a
difference between the hold voltage signal VHOLD and the
reference voltage signal VREF. The comparator 230 includes
a first comparator 231 and a second comparator 233.

The first comparator 231 compares the hold voltage signal
VHOLD with the reference voltage signal VREF in response
to a first clock signal CLK to generate a first comparison
output voltage signal COMPO_R. The second comparator
233 compares the hold voltage signal VHOLD with the ref-
erence voltage signal VREF in response to a second clock
signal CLKB having a phase opposite to a phase of the first
clock signal CLK to generate a second comparison output
voltage signal COMPO_F.

Referring to FIG. 9, the preamplifier 220q includes a first
preamplifier 221 and the second preamplifier 223 that
amplify a difference between the hold voltage signal VHOLD
and a reference voltage signal VREF. The comparator 230
includes a first comparator 231 and a second comparator 233.
The first comparator 231 and the second comparator 233
shown in FIG. 9 may operate in the same way as the com-
parators shown in FIG. 8.

When two preamplifiers 221 and 223 are employed as
shown in FIG. 9, the interference that an offset voltage has on
an output node of the analog to digital converter 200 may be
decreased.

When the preamplifier 220 is employed in the analog to
digital converter 200, the influence that a coupling by a clock
signal or a glitch noise has on an output node of the analog to
digital converter 200 may be decreased. Further, the pream-
plifier 220 has a function that decreases an offset voltage of
the comparator 230.

When a gain of the preamplifier 220 is A_PRE, an offset
voltage of the preamplifier 220 is VOFF_PRE, an offset volt-
age of the comparator 230 is VOFF_COMP, and a total offset
voltage VOFF_IN of the comparator 230 and the preamplifier
220 seen from the output node of the digital to analog con-
verting circuit 210 may be expressed by Expression 1 as
follows.

VOFF COMP]Z Expression 1

— 3
VOFF_IN= \/ VOFF_PRFE’ + ( A DRE

As noted from Expression 1, when the preamplifier 220 is
employed in the analog to digital converter 200, a magnitude
of'a total offset voltage VOFF_IN of the comparator 230 and
the preamplifier 220 seen from the output node of the digital
to analog converting circuit 210 may be decreased.

FIG. 10 is a timing diagram illustrating an exemplary
operation of the analog to digital converter 200 of FIG. 7.
Referring to FIG. 10, the timing circuit 260 operates in
response to the conversion start signal ST, and the analog to
digital converter 200 starts a converting operation. As shown
in FIG. 10, each bit of the conversion control signal CON<0:
9> may be generated (enabled) at a rising edge or a falling
edge of the clock signal CLK.

SR latches included in the signal processing circuit 250 are
enabled in response to a rising edge of the conversion control
signal CON<0:9>, and latch the comparison output voltage
signal COMPO that is an output signal of the comparator 230
to generate the digital output data SAR<0:9>.

As mentioned above, the analog to digital converters 100
and 200 perform a comparing operation in response to a rising
edge and a falling edge of the clock signal. Therefore, data
output speed of the analog to digital converters 100 and 200
may be two times faster than an analog to digital converter
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performing a comparing operation in response to one edge of
the clock signal, without increasing the speed of the clock
signal.

FIG. 11 is a block diagram illustrating a semiconductor
device 1000 including an analog to digital converter shown in
FIG. 1 or FIG. 7 in accordance with exemplary embodiments
of the inventive concept.

Referring to FIG. 11, the semiconductor device 1000
includes an analog to digital converter 1100 and a digital
signal processing circuit 1200. The analog to digital converter
1100 converts an analog input signal VIN to a digital signal to
generate a first digital output data DOUT1. The digital signal
processing circuit 1200 performs digital signal processing on
the digital output data DOUT1 to generate a second digital
output data DOUT2. The analog to digital converter 1100
may be one of the analog to digital converters shown in FIG.
1 or 7. The analog to digital converter 1100 may include a
digital to analog converting circuit 110, a comparator 130 and
a signal processing circuit 150. The digital to analog convert-
ing circuit 110 samples and holds the analog input signal VIN,
and converts the digital output data SAR<0:9> to an analog
signal to generate a hold voltage signal VHOLD. The first
digital output data DOUT1 may correspond to the digital
output data SAR<0:9> shown in FIG. 1. The comparator 130
compares the hold voltage signal VHOLD with a reference
voltage signal VREF in response to a rising edge and a falling
edge of a clock signal CLK to generate a comparison output
voltage signal COMPO. Further, the comparator 130 may
compare two hold voltage signals with each other in response
to the rising edge and the falling edge of the clock signal CLK
to generate the comparison output voltage signal COMPO.
The signal processing circuit 150 performs successive
approximation based on the comparison output voltage signal
COMPO to generate the digital output data SAR<0:9>.

The analog to digital converter 1100 may include the
preamplifier 220 that amplifies a difference between the hold
voltage signal VHOLD and the reference voltage signal
VREEF to provide the amplified signal to the comparator 130.

FIG. 12 is a flowchart illustrating a method of analog to
digital conversion in accordance with an exemplary embodi-
ment of the inventive concept. Referring to FIG. 12, the
method includes sampling and holding an analog input signal
(S1), converting digital output data to an analog signal to
generate a hold voltage signal (VHOLD) (S2), comparing the
hold voltage signal with a reference voltage signal in response
to arising edge and a falling edge of a clock signal to generate
a comparison output voltage signal (S3), and performing
successive approximation based on the comparison output
voltage signal to generate the digital output data (S4).

The method may apply to an asynchronous analog to digi-
tal converter as well as to a synchronous analog to digital
converter. Embodiments of the inventive concept may apply
to an analog to digital converter that performs analog to
digital conversion using successive-approximation and a
semiconductor device having the same.

While exemplary embodiments of the inventive concept
have been described herein, it should be understood that other
modifications are possible without materially departing from
the scope of the disclosure. Accordingly, all such modifica-
tions are intended to be included within the scope of the
inventive concept.

What is claimed is:

1. A method of analog to digital conversion of an analog to
digital converter including a digital-to analog converting cir-
cuit, the method comprising:

sampling and holding an analog input signal;
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converting digital output data to an analog signal to gener-

ate a hold voltage signal;

comparing the hold voltage signal with a reference voltage

signal in response to a rising edge and a falling edge of
a clock signal to generate a comparison output voltage
signal; and

performing successive approximation based on the com-

parison output voltage signal to generate the digital out-
put data,

wherein the performing successive approximation to gen-

erate the digital output data comprises:

demultiplexing the comparison output voltage signal to

generate a first voltage signals in response to a selecting
signal; and

latching and outputting one of the first voltage signals in

response to each bit of a conversion control signal in
response to each bit of a conversion control signal.

2. The method of claim 1, wherein generating a comparison
output voltage signal comprises:

comparing the hold voltage signal with the reference volt-

age signal in response to a first clock signal to generate
a first comparison output voltage signal; and
comparing the hold voltage signal with the reference volt-
age signal in response to a second clock signal having a
phase opposite to a phase of the first clock signal to
generate a second comparison output voltage signal.

3. The method of claim 2, wherein the comparison output
voltage signal is a signal in which the first comparison output
voltage signal and the second comparison output voltage
signal are added alternately.

4. The method of claim 1, wherein the conversion control
signal is generated based on the clock signal and a conversion
start signal.

5. The method of claim 1, wherein generating the differen-
tial output voltage signals comprises:

amplifying a difference between the hold voltage signal

and the reference voltage signal to generate first differ-
ential output voltage signals; and

amplifying a difference between the hold voltage signal

and the reference voltage signal to generate second dif-
ferential output voltage signals.

6. A method of analog to digital conversion of an analog to
digital converter including a digital-to analog converting cir-
cuit, the method comprising:

sampling and holding an analog input signal;

converting digital output data to an analog signal to gener-

ate a hold voltage signal;

amplifying a difference between the hold voltage signal

and a reference voltage signal to generate differential
output voltage signals using a preamplifier;

comparing the hold voltage signal with a reference voltage

signal in response to a rising edge and a falling edge of
a clock signal to generate a comparison output voltage
signal; and

performing successive approximation based on the com-

parison output voltage signal to generate the digital out-
put data,

wherein the performing successive approximation to gen-

erate the digital output data comprises:

demultiplexing the comparison output voltage signal to

generate a first voltage signals in response to a selecting
signal; and

latching and outputting one of the first voltage signals in

response to each bit of a conversion control signal in
response to each bit of a conversion control signal.
7.The method of claim 6, wherein generating a comparison
output voltage signal comprises:
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comparing the differential output voltage signals of the
preamplifier with each other in response to a first clock
signal to generate a first comparison output voltage sig-
nal; and

comparing the differential output voltage signals of the

preamplifier with each other in response to a second
clock signal having a phase opposite to a phase of the
first clock signal to generate a second comparison output
voltage signal.

8. The method of claim 7, wherein the comparison output
voltage signal is a signal in which the first comparison output
voltage signal and the second comparison output voltage
signal are added alternately.

9. The method of claim 6, wherein generating the differen-
tial output voltage signals using the preamplifier is configured
to decrease an offset voltage of the comparison output voltage
signal.

10. The method of claim 6, wherein generating the differ-
ential output voltage signals using the preamplifier is config-
ured to reduce noise of an output terminal of the digital to
analog converting circuit.
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